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REMARKS 

I, Status of Claims 

Claim 1 is amended to incorporate the subject matter of claim 2, and to define that the 
two peaks in the particle size distribution correspond to two different particle sizes. 
Claim 2 is canceled without prejudice or disclaimer. 

No new matter is added. Accordingly, Applicants respectfully request entry and 
consideration of the Amendment. Upon entry of the Amendment, claims 1 and 5-14 will be 
pending. 

II. Response to Claim Rejections Under 35 V.S.C. S 103(a) 

A. Claims 1, 2, 8, 9, 12 and 13 are rejected under 35 U.S.C. § 103(a) as allegedly 
being unpatentable over Hwang et al. (WO 99/37592; "Hwang I") in view of Goodwin (U.S. 
Patent No. 3,331,671) and Kulkami (Studies on Fly Ash-Filled Epoxy-Cast Slabs Under 
Compression, J. Appl. Polymer Science, 84, 2404-2410 (2002)). 

B. Claims 5-7 are rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Hwang I in view of Goodwin, Kulkami, Chang (U.S. Patent No. 5,505,766) and Nomura et 
al. (JP 2001-220193; machine translation). 

C. Claims 9, 10 and 14 are rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Hwang I in view of Goodwin, Kulkami and Hwang (U.S. Patent No. 
5,047,145; "Hwang II"). 
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D. Claim 1 1 is rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Hwang I in view of Goodwin, Kulkami, Chang and Nodera et al. (U.S. Patent No. 
5,837,757). 

Applicants respectfully traverse, at least for the following reasons. 

Present claim 1 recites a flame-retardant resin composition comprising a polycarbonate 
type resin and fly ash which contains particles composed of a complex of silicon dioxide and 
aluminum oxide and has a 50% particle size (D50) of 1 to 10 |i,m and has two peaks in its particle 
size distribution, wherein the peak corresponding to the particle size distribution of larger 
particles is greater than the peak corresponding to the particle size distribution of smaller 
particles. The amount of fly ash in the total composition is from 1 to 60 weight %. The content 
of 1 to 60 weight % of fly ash achieves suitably flame retardancy and mechanical strength of 
polycarbonate composition in this application. 

The rejection of claim 1, and dependent claims thereof, based on Hwang I was addressed 
in the Amendment under 37 C.F.R. § 1.1 16, filed June 17, 2009. None of Goodwin, Chang, 
Nomura and Nodera cured the deficiency in Hwang I, with respect to the bimodal particle size 
distribution, as presently claimed. 

The Examiner relies on Kulkarni to teach a fly ash composition in which there is a 
bimodal distribution where the peak corresponding to the larger particles is greater than the peak 
corresponding to the smaller particles. 

In Hwang I the fly ash and calcium carbonate have the same mechanical properties as 
filler in many plastics. However, with regard to flame retardancy against polycarbonate they do 
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not behave in a similar manner. See, for example, M. Soyama et al. (Polymers for Advanced 
Technologies, Vol. 18, 386-391(2007)), a copy of which accompanies the Amendment. Calcium 
carbonate has no flame retardancy, as discussed in the Results and Discussion section of 
Soyama. See, for example, the first full paragraph on page 388, which states "calcium 
carbonate. , . did not make the polycarbonate more flame retardant." 

Kulkami uses a bimodal fly ash having a mean size of about 21 p,m, as shown in Fig. 2, 
where the peak corresponding to the larger size particles is at 35 |j,m and 73% and the peak 
corresponding to smaller size particles is at 0.35 ^m and 27%. The particle sizes of Kulkami are 
therefore, outside the D50 particle size range of present claim 1, i.e., 1 to 10 |xm. In the 
Conclusion section, Kulkami describes that high filling is achieved by the use of the bimodal fly 
ash in epoxy resin with a maximum packing volume of 0.36. However, Kulkami does not teach 
that for achieving flame retardancy and mechanical strength of the polycarbonate resin, fly ash 
having a D50 particle size of 1 to 10 |i,m should be added to the polycarbonate resin. 

Therefore, claim 1 is patentable over any combination of Hwang I, Goodwin, Kulkami, 
Chang, Hwang II, Nomura and Nodera. Claims 5-14 are also patentable, at least by virtue of 
their dependence from claim 1 . Accordingly, Applicants respectfiiUy request reconsideration 
and withdrawal of the § 103(a) rejections of claims 1 and 5-14. 

Conclusion 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
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Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the PubUcation Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



Respectfully submitted. 



SUGHRUE MION, PLLC 




Telephone: (202) 293-7060 Limited Recognition No. L0578 

Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 

Date: JxmeS, 2010 
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Flame retardancy of polyearljoaiate enhanced 
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We have developed a flame-retardaht polycarbonate iresin Whose flatne retard^iincy is greatly 
enhanced by adding fly ash (a by-product from thermal power plants). Fly ash with comparatively 
^^mall ayei^e particle sizes i<10 fji^ raised the ilai^ i^tardancy polycarboniate biecause of ^e 
hydrogen bond that forms b^ jpolycarbonate and tbe hydroxy group on the fly ash surface. 

TShtis bott p^ftn^icily^vi^^ the heat: resfetaitce odf the i^qXyca^pii^^ and also isomerizes the 
|M>]ycarbona&e to pmmote The po%cartemate'wiffit 25 showed good 

0ther niam chaLracteristics,^ stich a^^ and moldabilitj^ comparable to those of a 

iHame retardant polycarbonate reihfotced with glass Bbet/ used for electronic products such as 
desktop computeirs/ etc. Applying the fly ash eliminates the need to use current retardants such 
as organic halogen compounds and thus promotes the perceived environmental safety of flame- 
^tardant, poly carbonate 

less ene^^ mt&c^jx&AX^^^ Wiley 
■&t SoiTt^ -Xitd^- 

KEY WORDS: poIyceirboriates>|fly ash^fiame reta rdaance; degmd^tibit; irioi^ganic materiMs 



INTRODUCTION 

Haiiae referdancy^ is an essentiai properly for 
plasties used in the housing of electronic products, siich as 
polycarbonate and polystyrene, from accidental burning. 
Heri(:e> prganic haliegien ebmppOTds have been ?ad<^d to 
these plajstics as fl^tnie^ te1?aardai^ D^Kiiii^raffii plastiGs 
containing such as organic halogen compounds, however, 
generates halogen gases; creating a major environniental 
: safety hazard. Therefore^ phosphorus (OompQipinds; sulfo- 
;nate£f> arid silcone cqmpounds^^ whi<fh m^. safer but les^ 
effective as flame-retard ants than the halogen compounds, 
jare now being used as flame retardani^ for po^y'cairbon 
^hiich has dc^^ 

with other plastics such as polystyreiae and rfe derivatives 
used in housing.^ The manufacture of poly carbonate, 
however, consumes more energy and is more expensive 
: than the manufacture Of other^^a^ The energy 

rec^uired arid the cost miist be reduced to expand the use of 
polycarbonate. 

Combining plastics and inorganic fillers requiring a little 
energy to produce tltem is att effective -way to reduce 
the energy requir^ for manufacturing the plastics. Hie 
inorganic compounds typically used as fillers (such as silica, 
calcium carbonate, and talc) also make plastics slightly less 
flammable. To sigriifiGa:ntly increase the fl^e relardaney 

^Correspondence to: M. Soyama, Fundamental and Environmental 
Research Laboratories, NEC Corporation, 34 Miyukigaoka,. 
Tsukuba, Ibaraki 305-8501, Japan. 
E-mail : m-soyama@Cj.jp.nec.com 



of plastics, though, large amounts of these fillers must be 
added and such large amounts lower the fluidity and 
strehgth oif the plastics. This makes such plastics unsuitable 
for the housing of electronic equipment. In addition, the 
overall energy consumption is not greatly reduced since 
iei3ifei:gy is used in the; mariufficture of the inorganic 
(c<3ntpotinds. 

In response to this problem, we have examined the use of 
fly ash: a by-product from thermal power plants as a new 
flame retardant for polycarbonate; Hy as*, composed of 
rnalhly silica and alumina, is a by-prOduct obtaiined when 
ground coal is fed into burners to generate power and shows 
dark color because of unburned carbon content. As a result, 
little energy is- heeded to produce it> and in Japan this 
corresponds to designating a by-product as a renewable 
resource. A huge amount of fly ash is generated worldwide; 
in Japan alone, the annual production was about seven 
nuiuion tons in; 2000? 

iSome ffy ashi^ used in the construction industry, mainly in 
cement and concrete manufacturing, while the remainder is 
disposed of in landfill sites. Using fly ash in a beneficial way 
would be preferable to 

been looHhg for useful applications. One example is to mix 
fly ash with plastics to lower production costs; this has been 
done in the commercial production of commodity plastics 
suc£i as poiypropyienes.^ This research has shown that 

interScieri ce^ 
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addiitg fly ash to plastics leads to decreased mold ability as 
well as lower mariufacturing costs, but the particular 
characteristics of fly ash as a flame retardant have itpt been 
imuch exariiiiied; 

Thus, we have investigated the flame- retarding charac- 
teristic of polycarbonate with added fly ash. In this paper, we 
describe the flam^ retarding characteristic and its under- 
lying niectemikm as wdlias Qtherinaiin?^^ as 
niechanical properties and moldability of this resin com- 
pound. 



EXPERIMENTAL 
Matenals 

As a thermoplastic, we used polycarbonate (Sumitomo Dow 
Co., Ltd, Caliber 301-22). The fly ash (Yonden Business 
Industry Co./ Yonden f]^ ash and Fynash:FA20) that weiised 
had the consistency of ai very fine powder with priinarily 
spherical particles with average particle sizes of about 5 and 
20|jLm (Fig, 1). The fly ash primarily consisted of inorganic 
ma:|:eriafe;SU€h a idiimina, and G^ilch^iTioxid^v Table 1 

shox^^ th^iirhemii^^ three 
other inorganic m<ateriala were used in this stuidy (Table 2): 




feljgure; 1 - Sisannifjg ele^ctron m 



Table 1. Chemical characterization of typical fly ash 


Source 


Unit 


Content 


SiOv 


wt% 




AI263 




11.92 


Nh20 
K2O 


wt% 


036 
IM 


SO3 


mfc 


OM 




wt9c 




Cab 




0-57 


MgG 


wt% 


0.63 


MnO 


wt% 


0.03 


TiOz 


wt% 


1,28 


igross 
pH 


wt% 


1.3 

7.4. 


Specific surface 


nr/g 


3.5 


Density 




2.21 
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spherical silica (Denki ECagaku Kogyo K. K., FB 5604> ¥B 24, 
FB 3 SDC SEP 30M)^ spherical alumina (Admatechs Co., Ltd, 
AG-509 and Showa Denko K. K., CB-A05S), and spherical 
calcium carbonate (Komesho Sekkai Kogyo Co., Ltd, 
ED-SIII). We used trioctyl trimellitate (Daihachi Chemical 
Industry Co., Ltd, TOTM) as a plasticizer. We also added 
05 wt% of polytetrafluoroetaiylene (Daicei Chemical hidus- 
tries; Ltd, Pcilyflbn MPA FA 500) to prevent dripping during 
heating. 

Methpds 

Sample compounds were prepared by mechaniGally knead- 
ing the polycarbonate with inorganic fillers and the other 
additives u^ing an extruder (KCK Co,, Ltd> KCK80x 
2-35VE >t 5) at 28G''C. test piecies of the compounds for 
evaluating the flame retardancy and the flexural property 
were molded with an injection molding machine (Toshiba 
Machine Co,, Ltd, EC20P-0.4A)> at a cylinder temperature of 
SSG'^C and a mold temperature of SO^'C. 

We measured the flame retardancy of the molded 
compounds by the oxygen index method (JIS-K-7201) and 
the UL94V method of UhdeWriters Laboratories (UL)> hie. 
The bxygeu index indi€<ites the oxygen Goncentration 
required for the material to continue burning; In the 
UL94V method, a vertically clamped sample of the molded 
compound is ignited, by a gas burner flanie applied twice for 
10 sec to the bottoni of the sample. For a maiterial to be 
classified as V-0 requires that burning stops witliin 10 siec 
after two ignitions. The V-1 and V^2 classifications require 
jiv^tburnmg^^top^ i;yLr<> ignitixsns^ but ¥-2 

all<jw$ a fl^rMitg drip- In all ti^sts/ sait^plejs c^miot be 
allowed to burn out. 

We measured the flexural strength of the compounds and 
their modulus with a Awsa tile examination machine (Instron 
Co., Ltd> 5567), under the conditions of a 50-mm distance 
betv\''een the supporting points and a l;6-mrn/min crosshead 
speed. Theirizod impact strength with a notch in the resin 
was measiired with a universal impact tester (Orient 
Pteision Machine Btd^ Gl ). 

The moldability of the cornpotinds was evaluated accord- 
ing to the melt flow characteristic, which was evaluated 
;^long the flow lenjgth (^irai ilqw) of the eoinpounds in 
a ntetal moldirtgv TDhe plastickiatiOn conditions were set 
so that an injection temperature of 280'*G was achieved. 
The mold temperature was maintained at 80^ C. The injection 
rate was lOOmm/sec, and th^ thickness of the product 
was i mm. 

The thermal staibility of the compounds was measured in 
air (2Q0ml/:min) at a heating rate of IC'C/min by thermo- 
gfavimetrifc analysis (EXTAR6000 TG/DTA, Seiko Instru- 
ments Co.). 

The pyrolysis gas of the compound (0.5-1 tng) was 
identified by mass spectrometry, hi addition, we calculated 
the amonnt of generated gas cis^^^c with the peak area 

of a GC-MASS (QP-5050A [GC-17A], Shimadzu Go.) charL 
The heating temperature was set to 8O0''G for the thermal 
decomposition division, a helium gas atmosphere was used 
in thte heating t^^ was 
measured at 30Q^C. 

Poimi'. A^^^ IB: 386-391 
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Table 2. Charaeteristies of the iniorganic compounds used in this study 




Inorganic compound 



Smirce 



Content (%) 



Specific surface 
(mVg) 



Average particle 
diameter (jxm) 



Fly ash 

Spherical silica 



Spherical alumina 
•Spherical calcium c^rb^ 



SiO, 

MPs 



AI2G3 



Table 1 
TOO 



:>99,8 
93.0 



3.5 
53 
2 

2:5 
94 

3,7 
5 

0.6 
1,4 
7 



20 

5 
32 
18 
11 

3 

0.6 
10 
2.8 
3 



RESULTS AND DISCUSSION 

Flame-retarding effect of inorganic fiUer f 6^ 
p oly carhonate 

We cprnpared the effects of the kind and partide size of the 
inorganic fillers on the flame retardan^ of polyGarbon^te 
(Fig. 2). The results Goitfirmed that siiica, alumina^ and fly 
ash^ which all have hydroxy groups on their surface, made 
tte poj^^carbbhate^^m fty ash wtlSi small 

particie siz;es and wide specific surfaces tended to make: the 
polycarbonate highly flame retardant. In particular; fly ash 
with an average particie size of 10 jjwn or 
the flame retardancy of the pdlyearbonate compared tp the 
effect of tiie other fillers. On the other hand, calciurh 
carbonate, with few hydroxy groups on its stirface, did tiOt 
make the polycarbonate more flame retardant.^ ^ In addition^ 
ihcrea$ihgithe qu^^ 

of abbtit 5 [Xm iiriproved the flame retard^it^ of :the 
polycarbonate (Fig. 3). 

FlamsHtetardiif^ mechanism for poly^^ 
wittl ffy ask 

We clariiSed the fiame-retarding mechanism for poljrcarbo^ 
nate witl> fly ash by evaluating the progress of carfeonisjation, 
titrough quantitative analysis of thermal decomposition pro- 
ducts, and horn the change in the thermal degradation. We 
also conducted a similar evaluation using added silica as a 
reference^ because silica is the main component of the fly ash. 

Progress of cm%(Mim 

We first studied how the carbonization of polycarbonate is 
promoted by adding ily ash; Ballistreri cf a/, show the change 
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Figure 2. Flame-retarding effect of polycarbonate 
30 wt% of Inorganic compounds. 
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in the chemical structure of the polycarbonate as it 
carbonizes; through this change, the proportion of carbon 
increases relative to that of hydrogen.^ ^ We evaluated tlie 
pi-Qgres$ of the carbonization by observing the material 
around the ignition area and measuring the fixed quantities 
of carbon and hydrogen. We found that the fly ash promoted 
carbonization of tiie polycarbona te> since both the fly ash and 
th& sUica refei^nee 

in the Gompounds containing them after ignition (Table 3). 

Quantitcitwe mmlysis of tkermcd decomposition jtroducts 
The tliermal decornposition products of the polycarbonate 
with added fly ash or silica were quaritifatively analyzed. 
Tiible 4 lists the thermal decomposition gases, and Fig, 4 
shows the results of gas chroma tography mass spectrometric 
anialysis (GC-MASS). The gas components and generation 
rates showed that the total quantity of thermal decompo- 
sition gas decreased by about 60% because of the presenee of 
fly ash or siiica, which reduced the generation of phenols and 
bisphenol A in the middle--moleciular^weight portion in tlie 
thjeiiatai ^composft^ the pplycarbohate (Table 5). This 
suggests that: fly ash or Silica changes the therrnal decdriv 
positipn mechanism of the polycarbonate, and that the 
decompceition products do not gasify but rather are fbced as 
a char tluough the dehydration eondei^tion reaction, iiidica ting 
that the polycarbonate is made more flame retardancy. 

We deduced the fragmentation mechanism of the poly- 
carbonate with added fly ash from the thermal decompo- 
siti0h analysis. The polycarbpnate deconcvposes thermaliy 
through reda<itibh^ pi the isopropylidehe group or the 
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Figure. 3. Flame-retarding effect of fly ash (particle size 
S jjim) added to polyparbonate. 
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iabfe 3i Ghanges m the CM mx\6 daused by 


ignition for piolycsairbQr 


late With fly ash 


Sample 


listiition 




H/atm% 


C/H 


Polycarbonate 


Before 


48.0 


43,1 


i.n 


Polycarbonate 


After 


48.6 


42.6 


1.14 


Polycarbonate with 30wt% fly ash 


After 


49.1 


40.1 


1.22 


Polycarbonate vWth 30wt% spherical silica 


After 


48.3 


37.1 


1.30 



carbonate ^roup, as proposed by some authprsv-^- Tiie 
di\?isidn mechamsm how the generation of phenols 

fedmces the carbonate group; The fact that fly ash or siliea 
redu ced the phenols in the thermal decomposition gas of tite 
poljrcarbonate shows tha t these additives inhibited reduction 
of the carbonate group and promoted reduction of the 
isoprppylidene group. 

Thermal degradation 

We used thermogravimetric analysis to investigate the effect 
of fly ash ctti the thermal degmdability of the^^p^^ 
(Fig. 5), The results sh0\\r that the fly asii^^^ 
to the degradabilit}'. This reason for this appears to be that 
the fly ash stabilizes the carbonate group of the polycarbo- 
nate throtigii the strong hydrogen bond beMeen the 
hydrbxyl grotip bn the fly ^ish surface and the carbonate 
group, and then retards pyrdly sis of the polycarbonate. 

Proposed flame-retarding mechanism of fly ash 
Based on the above results, here we propose a mechanism to 
explain the flame-retarding effect that fly ash has on 
pCilycairbphate. Gf thie inorganic Mlers w^ 
includiiig fly ash and silica, which have hydroxy groups on 
their surfaces, mad e polycarbonate impre flame retardan t. We 
also sh6\ved that the fly a§.h increased the thermal 
degradation resistance df polycarbonate. Furthermore, 
because fly ash and silica reduced the middle- 
molecular- weight component in the thermal decomposition 
pf the polycarbonate, they accelerated the dehydrati^ 
:x:pndensatibn betv^een dt^ pifee^^ the bi§phenol A to: 
j^rpHtiq^ of the polycarbonate. ^ ^"^ ^ There-^ 

fore, we believe the hydrogen bond between the hydroxy 
group on the fly ash suirface and the carbonate group of the 
polyGarbonate is the cause of the flame retiardancy of the 
poiyGatrbonate (Fig. 6). That is, this bond thermally stabilizes 
the polycarbonate on the fly ash surface, tlius improving heat 



resistance; it aliso isomerizes the polycarbonate, promoting 
carbonization through which the fly ash improves the 
polycarbonate flame retardancy. 

We thus cpncluded that the flame-retarding mechanism of 
the polycatrbonate added fly ash consists mainly of the two 
following steps: 

L The hyd rogen bond between the hydroxy group on the fly 
ash surface and the carbonate group of the polycarbonate 
stabOizes the combination in the polycarbonate, thus 



i 

■i 3- 



i| ■ 

i I 

11 



Ca) 



- f 
■ ( 

I t 



lOj 



11. n 

■ it 



Table 4. Thermal deeomppsitlon prodMets assi^ 
spectroscopy 

Peak No. 



1 


Benziehe 


2 


Toluene 


3 


Phenol 


4 


p-Cresol 


5 

l6 
7 


orCrespl 
prSthyi phenol 
Isppropyi pllenbl 


8 
9 

10 


^Uy phehPl 

Diphi^yl carbbihate 

Ga f bpnize acid 4-methy 1 eistei" 


n 


4,4'-Methylenebis-phehPi 



'2 



il 



it 



i i 



i 51 

M i 

- 5 # - 



(c) 

Fligure 4. GC-MASS charts of (a) polycarbonate, (b) poly- 
carbonate with 30wt% fly ash, and (c) polycarbonate with 
3t) wi% spherical silica. 
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Table 5. CQmparlson of the amounts of thermail decomposition produets measured by GC-M ASS (800"C) 
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Figure 5. Thermograviiiiefric analysis of polycarbd^^ 
taining fly ash (air: 200 mi/minv 10 G/min). 

iitipro\fing its while also isomerizing the 

polycarbonate. 

II. Tlie ispmerized pol^^ diirixig^^^ 
d ration with the phenols in the decomposition product, 
becoming carbonized to form a material like char, which 
is advantageous for Hanve retardation* 

Figure 3 shows that the polycarbonate flame retardaney is 
more improved by fly ash than by the silica and alumina, 
which also have trlie hydrpxyl group. This effect can be 
expected even if the flame retardaney is actually improved 
by a different; f^c^ ta the fly ash; for exanaple; if the 

siUca-aluncuna epmposite inphided in the fly sish showed 
higher acidity than plain silica and alumina/ thtis increaising 
its effect aa a solid acid catalyst to promote charring of the 
pdlycarbonate."' ^ 

Mechanical char^ctenslicis and moldabiUty of 
poiycsucbone^ ask 

Figure 7 shows the flexural properties of polycarbonate with 
fly ash, and Fig. 8 shows its impact strength and fluidity. The 
flexural modiolus iin wit^h ihcreaisingif^ content. 
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Figure 7. Rexural properties of polycarbonate containing fly ash. 

Wliik the flexural strength was maintained at comparatively 
low; contents of fly ash, it fell sharply when the content 
•exc^dedi 3Q vsrt% (Fig. % Addihg too much % ash to the 
polycarbonate also lowered its impact strengths These 
characteristics of the polycarbonate with 25 wt% of added 
ash were almost equal, however, to those of a 
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Figure 8. Impact strength and fluidity of polycarbonate con- 
taining fly ash. 
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Figure 6, Influence of hydrogen bonding on isomerization and carboniz- 
ation. 
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Table 6. Properties of polycarbonate compGunds Gontaining fly ash 








PC with 


PC witli 


PC with 25% 




T Fnit 

KJllLK 


■J 


10%^ <rlfl<i;«5 fiber* 


25% flv ash 


flv ash and 5% olasticlzer 


Flame retardant (UL-94- 1/16 in.) 




V-2 


V-0 


V-G 


v-0 


HDT ( C) 


'C 


134 


132 


128 


98 


Spiral flow {280' C 1 mnvt) 


mm 


120 


110 


100 


157 


Flexural strength 


MPa 


90 


98 


99 


108 


Flexural modultis 


MPa 


2250 


2940 


3401 


3862 


impact strength 


kj/m~ 


'75 


8 


7 


5 



*Flame^retardaiit polycar]?6ha;te Avith a siUconie flante r^tkrdiant/a^ glas$ fiber (10%). 
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polycarbonate with 1 0 wt% glass fiber, which is currently 
used as a housing material for electronic products such as 
desktop computer, etc. 

Though fluidity is lotvered With this quantity of fly ash 
added to the polycarbonate, this was improved by adding a 
piasticizer witli comparatively high heat resistance/ such as 
tnL<^ctyl; tmri^^ its flattie refardjancy, 

as shown in Table 6. 

Tlie appearance of the polycarbonate with fly ash was 
somewhat dark color owing to tlie original color of fly ash, 
w^hich can retard the use m products required to be clear colors, 

CONCLUSION 

We found that fly ash, a by-product of thermal power plants/ 
greatly enhances the flatne retardancy of polycarbonate and 
thus: decreases the anipurit of energy required to mantjfeic- 
ture flarhe-retardant polycarboha The flame retardancy of 
the polycarbonate with fly ash results from the hydrogen 
bond between the hydroxy grotip on the fly ash surface and 
flie carbonate group of the polycarbonate. This bond 
thermally stabilizes the polycarbonate ori the fly ash surface 
and thus improves its heat resistance. In addition, it 
isomerizes the polycarbonate and then promotes carbonizr 
alion, which imprpve$ flaiiie retardancy, Thottgh adding a 
large arnOuht bf fly asli degrades the mechariieal ch^jr^ter^ 
istics and moldability of the material, the characteristics of 
ipplycarbonate with 25 wt% of fly ash were equal to those of 
polycarbonate with lQwt% glass flber> whiGh M tisecl as a 
housing niaterfeH for eleCtrotuie prodhicts such as desktop 
computers, etc. hi addition, combining this material with a 
piasticizer having high heat resistance drastically improves 
its fluidity, while main tainihg its flame retardancy. 
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